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THE OPERATION OF AN AMERICAN OR RAPID WATER 
FILTRATION PLANT FOR TWENTY YEARS 
AT YORK, PA. 1 

By James M. Caibd 2 

There are few water systems which combine storage and stream 
flow regulation, reforesting, pumping, sterilization, aeration, sedi- 
mentation, coagulation and nitration. These agencies are employed 
by the York Water Company, which supplies water to York, Pa., 
a city located in the south central part of the state, having a popula- 
tion of about 55,000. 

The water supply is obtained from the south branch of the 
Codorous Creek, the pumping station being located about four 
miles from the center of the city. The creek, with a drainage area 
of about 100 square miles above the pumping station, is subject to 
severe floods, and at times is somewhat polluted. The water always 
contains some color and turbidity. 

In 1912 the storage or stream-flow regulating reservoir was placed 
in service, having a capacity of 1,000,000,000 gallons and a water 
surface area of 170 acres. In order to protect this reservoir 570 
acres of land were purchased and 300,000 trees planted on the 
watershed. 

The pumping station is equipped with three high-duty steam 
pumps, one of 8,000,000 and two of 5,000,000 gallons capacity, by 
which the water is lifted 308 feet for delivery and forced through a 
24-inch main to an aerator about 2| miles from the pumping station. 

In October, 1910, a hypochlorite plant was installed at the pump- 
ing station, and since that time all water has been treated with the 
sterilizing reagent before aeration, with the results shown in table 1. 
These results show that the sterilization reduces the bacteria in the 
creek water 97.52 per cent before the water enters the sedimentation 
basins. During this same period 84.92 per cent of the 1 cc. samples 
of creek water and 14.39 per cent of the samples of sterilized water 

1 Discussion of this paper is requested, and should be sent to the Editor. 
* Chemist and Bacteriologist, Troy, N. Y. 
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370 JAMES M. CAIBD 

contained B. coli. This treatment therefore reduces this organism 
83.07 per cent. The average amount of hypochlorite used was 
6.52 pounds per million gallons of water. 

There has also been installed at the pumping station sulphate of 
alumina tanks, so that any time it should become necessary to pump 
water containing a turbidity of over 500 parts per million, some coag- 
ulant could be added, thereby materially assisting sedimentation in 
the large basins, and relieving the load from the niters. The capacity 
of the sedimentation basins is such that up to the present time it 
has not been necessary to operate the pumps during periods of high 
turbidity. 

After aeration the water flows to two brick-lined sedimentation 
basins which, having a combined capacity of about 40,000,000 
gallons, afford from 10 to 14 days sedimentation of the water before 
it passes to the niters. This water, even after treatment with the 
sterilizing agent and thoroughly saturated with oxygen by aeration, 
supports algae growths. The water develops a strong "mouldy" 
odor and taste, the principal organisms present being oscillaria and 
anabaena. At these times considerable trouble is experienced in 
operating the niters, due to the rapid clogging of the sand beds. 
This causes the filters to require frequent washings, and as filtered 
water is used in washing and has to be pumped, the operating ex- 
penses are thereby increased. 

At these times the water in the basins is treated with copper 
sulphate and after a few hours normal conditions are restored. The 
bacterial content of the water increases greatly after the copper 
sulphate treatments. 

Table 1 shows that the bacteria were reduced 25.1 per cent by 
sedimentation. 

During the twelve years before the sterilizing reagent was used, 
the basins reduced the bacteria 75.9 per cent; while during the eight 
years that the water has been sterilized before entering the basins 
the bacteria increased from an average of 314 to 3748 per cc, or 
1093 per cent. This increase is due to a secondary growth and also 
the growth which follows the copper sulphate treatments, and is not 
unusual in a treated stored water. 

During the 19 years the basins reduced the B. coli at least 31.4 
per cent. During the 11 years before the sterilizing reagent was 
used, the basins reduced the B. coli 32.5 per cent while during the 
8 years that the sterilizing reagent has been used this organism has 
been reduced 23.4 per cent. 



WATER TREATMENT AT YORK 



371 



Table 2 shows that the basins reduce the turbidity 62.4 per cent 
and produce a very uniform water for filtration. 

The storage of this water in the sedimentation basins exposed to 
air and light reduces the color 41.9 per cent. 

The sedimentation basins are drained and cleaned about every 
second year. 

TABLE 2 

Color and turbidity of creek water and water ajter various stages of treatment, 

sulphate of alumina used in grains per gallon, and percentage of water 

used for wash 
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The water flows from the sedimentation basin to the filters, and 
the sulphate of alumina which is used as a coagulant is pumped into 
this water. The coagulant feeding device is novel and works with 
entire satisfaction. , It consists of a set of fans or propellers located 
in the main leading to the filters and connected to a shaft and gear- 
ing which, in turn, operates the pump. The amount applied can 
be regulated by the stroke of the pump and the size of the plunger. 
The average amount applied during the past 19 years was 0.91 
grain per gallon or about 132 pounds per million gallons of water 
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treated. At no time has any of the sulphate of alumina which is 
used as a coagulant been found in the filtered water, although large 
samples of the water are frequently tested. 

The average alkalinity of the unfiltered water was 21.3, while 
that of the filtered water was 15.1 parts per million, showing that 
6.2 parts per million are used by one grain of sulphate of alumina 
per gallon of water treated. It has not been necessary to use lime 
or soda-ash at any time, as the alkalinity has always been sufficient 
to decompose more sulphate of alumina than is required to properly 
coagulate the water. 

Shortly after this plant was placed in operation an attempt was 
made to use sulphate of iron and lime as the coagulant, but the 
results were not satisfactory. 

The filter building originally contained 8 high-type Jewell gravity 
filters, but in 1908 four additional filters were installed, so that at 
the present time the plant contains 12 units, each having a normal 
capacity of 520,000 gallons per day. 

Each filter is 16 feet inside diameter, the total sand area being 
2117 square feet or about one-twentieth of an acre. 

The filter bed consists of 5 inches of graded gravel and 25 inches 
of sand. The mechanical analysis of the sand shows the effective 
size to be 0.62 mm., and the uniformity coefficient 1.12. 

The filter tanks, which are of 2f inch cypress, show some decay 
in a few places; from time to time it has become necessary to replace 
some of the bands. 

The strainers in the filters are known as "C-J," manufactured by 
the New York Continental Jewell Filtration Company. It has 
been found necessary to repair some of these strainers about every 
6 years. They are repaired by removing the old rivets and gauze, 
and replacing the gauze and rivets, the men at the plant doing this 
work. There are 702 strainers in each filter, spaced on 6-inch 
centers. 

The filters are equipped with loss of head gauges and Weston 
automatic effluent controllers. 

The water to be filtered is first treated with a solution of sulphate 
of alumina. The sulphate of alumina is dissolved in two solution 
tanks, each having a capacity of 1500 gallons. This solution is 
prepared by weight and it has been found that a strong solution 
will react more quickly and better than a weak one. 
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The amount of solution applied depends upon the condition of 
the water and the temperature. In warm weather the action is 
quicker and less solution is required than when the temperature of 
the water is low. The average amount of sulphate of alumina 
used during the 12 years before the sterilizing reagent was used was 
1.11 grains per gallon, while during the 8 years in which the steril- 
izing reagent has been used the average was 0.65 grain per gallon, 
showing a saving of 41.5 per cent. The minimum amount of sul- 
phate of alumina which will form any coagulation is about 0.25 
grain per gallons; if less is used no coagulation is visible. 

After treatment with sulphate of alumina the water passes to the 
coagulation basin under each filter, and is there retained from 20 
to 30 minutes. In passing through the coagulation basin about 
30 per cent of the suspended matter is removed. 

The water then passes to the top of the sand. After passing 
through the sand it is discharged into the filtered water reservoir 
directly under the filters. This reservoir has a capacity of 225,000 
gallons and is connected with another covered reservoir of about 
2,000,000 gallons capacity. From these reservoirs the water flows 
to the consumers. The reservoirs are of such capacity that it is 
possible to operate the filters at a uniform rate at all times. 

When the filters become "clogged," it is necessary to wash them 
by pumping filtered water up through the beds, the amount used 
being about 10 gallons per square foot of sand surface per minute. 
During the washing the mechanical rakes are operated. The average 
amount of wash water used during the past 20 years was 2.54 per 
cent of the water filtered. A filter is out of operation about 7 minutes 
per wash. 

During the first few years after the plant was in operation it was 
customary to "sterilize" the sand beds every six months. This 
was done by placing about 300 pounds of soda-ash on the surface of 
the sand bed and then introducing steam through the strainer sys- 
tem until the beds boiled for one hour. While this treatment 
cleaned the sand grains, it was found that it would be at least a week 
before the bacterial efficiency would be satisfactory, therefore the 
"sterilization" has not been used during the past 17 years. 

When this plant was first placed in operation bacterial examina- 
tion of water was in its infancy. There were no chemical or bac- 
terial tests made during 1900. Previous to 1904, chemical and 
bacterial tests covering periods of a week were made several times 
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each year. Since that time an extensive laboratory has been main- 
tained and daily chemical and bacterial tests are made. Since the 
daily chemical and bacterial tests have been made it has been pos- 
sible to keep the plant under control at all times and the results 
obtained show a better efficiency and more uniform results. 

In determining the bacterial content of the water it has been 
found that gelatin media at 20°C. for 48 hours is the most satis- 
factory. In determining the bacterial count all plates are made in 
duplicate and the average count reported. A large percentage of 
the filtered water and city tap plates are incubated for 72 hours 
and remain sterile at the end of this period. All sterile plates are 
recorded as containing one bacterium per cubic centimeter. 

Several times the filter beds have become "seeded" and at such 
times the agar bacterial plates did not indicate the true conditions. 

During the entire 20 years the filtered water has always been free 
from color and turbidity. 

The extreme maximum bacterial content of the unfiltered water 
always follows the copper sulphate treatments of the water in the 
sedimentation basins. 

The extreme maximum bacterial content of the filtered water 
comes when the beds are "seeded" and does not mean that this 
number of bacteria are passing the filters from the unfiltered water. 

All these maximum bacterial counts are included in the aver- 
ages. The results show that the filters remove 98.37 per cent of 
the bacteria. 

The average results in table 1, modified to show the effect of 
sterilization in 1911-1918, show that the bacteria were reduced 
97.52 per cent by sterilization; 25.06 per cent by sedimentation; 
98.37 per cent by filtration and 33.34 per cent in passing through 
the filtered water reservoirs and the city mains. 

The total reduction for the system from creek to city tap was 
99.77 per cent. 

The agar counts on creek water were 74.64 per cent less than 
gelatin; aerated 50.14 per cent; settled 37.98 per cent; filtered 72.47 
per cent and city tap 85.14 per cent. These results show that 
agar media incubated for 24 hours at 37J°C. prevent the growth of 
a large number of organisms when compared with the gelatin counts 
incubated for 48 hours at 20°C. 

Aeration did not remove any of the B. coli, but sterilization 
removed 83.07 per cent; sedimentation 31.44 per cent; filtration 
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95.80 per cent and the passage through the filtered water reservoir 
and mains 100.0 per cent. 

Although thousands of samples of the city tap water have been 
examined for B. coli, its presence has never been discovered. 

The average turbidity of the creek water is higher than at the 
fountain, as the aerator is not operated at times of high turbidity. 

The sedimentation basins remove 65.16 per cent of the turbidity, 
while the filters remove 100.0 per cent of the turbidity that passes 
the basins. 

Aeration and sterilization do not remove any of the color. Sedi- 
mentation and storage, exposed to air and light, removed 43.21 per 

TABLE 3 

Average bacteria per cubic centimeter, special tests, creek, aerated and sterilized, 

settled, filtered and city tap water, gelatin incubated 48 hours at 20°C; 

agar incubated %4 hours at S7\°C. 
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cent; while the filters removed 100.0 per cent of the color that passed 
the basins. 

Table 2 shows that a very small amount of sulphate of alumina 
is required to remove the color and turbidity, while the amount of 
water used in washing the filters is very reasonable. 

During the seven years (1892-1898) before the filter plant was 
in operation, there were 769 cases of typhoid fever, with 104 deaths, 
the death rate being 58.1 per 100,000 population. 

During the twenty years (1899-1918) that the filter plant has 
been in operation there have been 1582 cases of typhoid fever, with 
170 deaths, the average death rate being 22.6 per 100,000 popula- 
tion, making a reduction of 61.1 per cent in the death rate. 
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The average typhoid fever death rate during the 12 years that 
only sulphate of alumina was used was 28.5 per 100,000 population; 
compared with the rate before filtration this is a reduction of 50.9 
per cent in the rate. 

During the 8 years in which the sterilizing reagent has been used 
with the sulphate of alumina, the typhoid fever death rate has been 
13.8 per 100,000 population. Compared with the rate when sul- 
phate of alumina was used, this is a reduction of 51.6 per cent, and 
if compared with the rate before filtration was introduced the reduc- 
tion would be 76.3 per cent in the typhoid fever death rate. 

The entire improvement in the typhoid fever death rate is not 
due to the improvement in the public water supply. It is not the 
intention to imply that all typhoid fever is due to impure water. 
There are many other means of conveying this disease. The proper 
purification of water will only prevent typhoid fever previously 
due to impure water. 

The data in table 1 do not show that there is any connection 
between the bacteria and B. coli in the filtered water and the typhoid 
fever death rate. 

A study of the results will show that the operation of the York 
water purification plant has been very successful. Charles W. 
Graff has been superintendent of the filter plant and resident chemist 
and bacteriologist since 1902. The officers of the York Water 
Company are: Charles Kurtz, president; Samuel Small, Jr., vice- 
president; Smyser Williams, secretary; J. J. Frick, treasurer, and 
Edgar P. Kable, general manager. 



